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Introduction {#sec005}
============

Liver cancer is the sixth-most commonly diagnosed cancer and the fourth leading cause of cancer death worldwide \[[@pone.0237475.ref001], [@pone.0237475.ref002]\]. The majority of primary liver cancer is hepatocellular carcinoma (HCC). HCC occurs in patients with underlying liver disease, mostly as a result of hepatitis B or C virus (HBV or HCV) infection or alcohol abuse \[[@pone.0237475.ref002]\]. The persistent inflammation caused by HCV infection causes liver fibrosis, leading to cirrhosis and HCC \[[@pone.0237475.ref003]\]. One of the goals of therapy is to cure HCV infection in order to prevent the complications of HCV-related liver diseases, including hepatic necroinflammation, fibrosis, cirrhosis, decompensated cirrhosis, HCC, and death \[[@pone.0237475.ref004]\].

HCC occurs as a result of hepatic inflammation and/or changes in the tumor microenvironment \[[@pone.0237475.ref002]\]. Interferon (IFN)-based therapy for chronic hepatitis C provides therapeutic benefits, such as the suppression of progressive fibrosis via HCV elimination, thereby preventing HCC \[[@pone.0237475.ref005], [@pone.0237475.ref006]\]. As a mechanism for suppressing hepatocarcinogenesis by IFN, the involvement of a direct antiviral effect and tumor-suppressive action through the induction of antitumor immunity have been considered \[[@pone.0237475.ref007], [@pone.0237475.ref008]\].

Direct-acting antivirals (DAAs) against HCV exert high anti-HCV activity via direct action on the viral protein to inhibit viral growth and replication, and are expected to show anti-inflammatory effects associated with HCV elimination \[[@pone.0237475.ref001]\]. Recently, some reports shows that DAA also prevent hepatocarcinogenesis in a manner similar to IFN \[[@pone.0237475.ref009]--[@pone.0237475.ref012]\].

Furthermore, HCC is known to dedifferentiate from hypovascular liver tumors (dysplastic nodules and well-differentiated HCC) to hypervascular tumors \[[@pone.0237475.ref013], [@pone.0237475.ref014]\]. With this rationale, we therefore examined whether or not DAAs can suppress the growth and hypervascularization of hypovascular liver tumors.

Materials and methods {#sec006}
=====================

Patients {#sec007}
--------

[Fig 1](#pone.0237475.g001){ref-type="fig"} shows the flow chart of study patient enrollment. We enrolled 481 patients with HCV genotype 1 infection who were treated with daclatasvir (DCV; Daklinza; Bristol-Myers Squibb, New York, NY, USA) at 60 mg/day once daily and asunaprevir (ASV; Sunvepra; Bristol-Myers Squibb) at 200 mg/day twice daily for 24 weeks, including patients who had previously undergone curative HCC therapy such as surgical resection or radio frequency ablation (RFA) and discontinued therapy due to adverse events, at 21 facilities belonging to the Kagoshima Liver Study Group in Japan, between September, 2014, and December, 2016. A sustained virologic response (SVR) was defined as undetectable HCV RNA at 24 weeks after the end of treatment.

![Flow chart of study patient enrollment.\
\*underwent contrast-enhanced MRI or CT within two years before therapy or during DAA therapy.](pone.0237475.g001){#pone.0237475.g001}

Among these patients, 29 patients had hypovascular tumors that were confirmed by contrast-enhanced (CE) MRI or CT before therapy. These surveys were conducted approximately 50 days before therapy. They were prospectively observed every three to four months to assess the tumor size and hypervascularization status. HCC development was defined by 20% growth or hypervascularization of a hypovascular nodule. We analyzed the cumulative incidence rates of growth or hypervascularization of hypovascular nodules. In contrast, 452 patients were confirmed to be tumor-free by ultrasound sonography (US), CT, or MRI before DAA therapy and underwent HCC surveillance according to Japanese guidelines. These guidelines state that cirrhotic patients have an extremely high risk of developing HCC and should be monitored every three to four months and that non-cirrhotic patients have a high risk of developing HCC and should be monitored every six months by US, CT, or MRI \[[@pone.0237475.ref015]\]. HCC was diagnosed when typical vascular findings were observed by CE-CT or MRI, i.e. hyper-enhancement in the arterial phase and a washout pattern in the portal or delayed phase.

We analyzed the respective cumulative HCC development rates of patients with hypovascular tumors and those without any tumors. Among the patients who achieved an SVR, 168 without a hypovascular tumor underwent CE-MRI or CT within 2 year before therapy or during DAA therapy. We compared the cumulative HCC development rates between patients with and without hypovascular tumors. The Fib-4 index, a surrogate marker of liver fibrosis, was calculated based on the methods of a previous study \[[@pone.0237475.ref016]\]. The initiation of the observation period was defined as the initiation of DAA treatment.

The study protocol conformed to the ethical guidelines of the Declaration of Helsinki and was approved by Kagoshima University Hospital and the research ethics committee of each participating facility on December 10, 2014, and October 21, 2015 (approval number: 26--142, 26--143, and 27--118). Written informed consent was obtained from each patient.

Definition of hypovascular tumor {#sec008}
--------------------------------

Hypovascular tumors were diagnosed by gadolinium ethoxybenzyl diethlenetriamine pentaacetic acid (Gd-EOB-DTPA) CE-MRI based on scans showing no intense enhancement in the arterial phase but a low signal intensity indicating a hypovascular liver tumor (i.e. dysplastic nodules and well-differentiated HCC) in the hepatobiliary phase or CE-CT showing no enhancement in the arterial phase but a low density in the arterial, portal, or delayed phase.

Detection of HCV resistance-associated substitutions (RAS) {#sec009}
----------------------------------------------------------

As described in detail previously, we investigated the viral genome sequence by direct sequencing \[[@pone.0237475.ref017]--[@pone.0237475.ref019]\]. The nucleotide sequences of the second amplicons were determined using a BigDye Terminator v3.1 Cycle Sequencing Kit (Thermo Fisher Scientific, Waltham, MA, USA) and Sanger sequencing. The sequences of the non-structural (NS) 3 and NS5A RAS positions in the HCV gene were determined using HCV-Con1 (accession no. AJ238799)

Statistical analyses {#sec010}
--------------------

Statistical analyses were performed using the IBM Statistical Package for Social Sciences (SPSS) software program (version 22 IBM SPSS Statistics, Armonk, NY, USA). Categorical data were compared using the chi-squared test and Fisher\'s exact test, as appropriate. Continuous variables were analyzed using the Mann-Whitney U test. The Kaplan--Meier method and log rank test were used to analyze the cumulative HCC development rates. P values of \<0.05 were considered to indicate statistical significance. Factors associated with HCC development were determined using a Cox proportional hazards analysis with forward selection using p\<0.10 as a cutoff for inclusion in the model. For the categorical data, we determined the cut-off values at which the optimal sensitivity and specificity were achieved using receiver operating characteristic curves.

Results {#sec011}
=======

Baseline characteristic of patients with hypovascular tumor {#sec012}
-----------------------------------------------------------

The baseline characteristic of patients with hypovascular tumors showed that the mean age was 73 years old, 34.5% were male, 79.3% had liver cirrhosis, and 41.4% had a history of HCC therapy. Thirty-three tumors were detected in 29 patients, and the mean hypovascular tumor size was 11.3 mm ([Table 1](#pone.0237475.t001){ref-type="table"}). No patients had RAS of NS5A L31 or Y93 or NS3 D168 at baseline. Twenty-seven patients (93.1%) achieved an SVR.

10.1371/journal.pone.0237475.t001

###### Baseline characteristic of patients with hypovascular tumors and without any tumor.

![](pone.0237475.t001){#pone.0237475.t001g}

                                               Total (n = 481)   tumor(-) (n = 452)   Hypovascular tumor(+) (n = 29)   *P* value
  -------------------------------------------- ----------------- -------------------- -------------------------------- -----------
  Age, years                                   68.8±9.1          68.5±9.2             73.1±5.5                         0.007
  Male, n (%)                                  193 (40.1)        183 (40.5)           10 (34.5)                        0.332
  Liver cirrhosis, n (%)                       133 (27.7)        110 (24.3)           23 (79.3)                        \<0.001
  History of interferon-based therapy, n (%)   255 (53.0)        236 (52.2)           19 (65.5)                        0.373
  History of HCC therapy, n (%)                53 (11.0)         41 (9.1)             12 (41.4)                        \<0.001
  Platelets, ×10^4^/μL (n = 480)               13.6±5.5          13.9±5.4             9.6±5.0                          \<0.001
  Total bilirubin, mg/dL (n = 480)             0.8±0.4           0.8±0.4              1.0±0.5                          0.029
  ALT, U/L                                     49±37             49±38                53±32                            0.088
  GGT, U/L (n = 480)                           44±42             43±43                47±28                            0.130
  Albumin, g/dL (n = 468)                      4.0±0.4           4.0±0.4              3.8±0.6                          0.007
  Hyaluronic acid, ng/mL (n = 413)             225±389           214±383              431±446                          0.001
  Fib-4 index (n = 480)                        4.69±3.33         4.50±3.21            7.52±3.93                        \<0.001
  AFP (Before), ng/mL (n = 479)                12.4±30.3         11.8±30.4            22.6±26.1                        \<0.001
  AFP (End of treatment), ng/mL (n = 453)      6.0±12.8          5.8±12.7             9.0±12.7                         0.017
  DCP, mAU/mL (n = 375)                        21.4±11.2         20.8±10.1            28.7±20.5                        0.069
  SVR, n (%)                                   422 (87.7)        395 (87.4)           27 (93.1)                        0.284
  Hypovascular tumor size, mm (n = 33)         \-                \-                   11.3±3.7                         \-
  HCC development, n (%)                       65 (13.5)         44 (9.7)             21 (72.4)                        \<0.001

Data are shown as the mean ± standard deviation. HCC, hepatocellular carcinoma; ALT, alanine transaminase; GGT, γ-glutamyltransferase; AFP, α-fetoprotein; DCP, des-γ-carboxy prothrombin; SVR, sustained virologic response

On comparing the baseline characteristics between patients with hypovascular tumors and those without any tumors, the patients with hypovascular tumors tended to be older; more frequently had liver cirrhosis and a history of HCC therapy; and had higher values of total bilirubin, hyaluronic acid, Fib-4 index, and AFP before therapy and at the end of treatment and lower platelet counts and albumin levels than those without any tumors ([Table 1](#pone.0237475.t001){ref-type="table"}).

Outcomes of hypovascular tumors in patients who achieved an SVR {#sec013}
---------------------------------------------------------------

[Fig 2](#pone.0237475.g002){ref-type="fig"} shows the outcomes of hypovascular tumors in patients who achieved an SVR. In 27 of 29 patients with hypovascular tumors who achieved an SVR, 4 patients had 2 hypovascular tumors each, resulting in 31 hypovascular tumors in total. Of these 31 nodules, 19 (61.3%) showed tumor growth or hypervascularization, while 12 (38.7%) showed no change or improvement. Among the patients with two hypovascular tumors, both tumors in two patients showed no change, while the tumors in the other two patients showed hypervascularization in one nodule and no change in the other. Two patients developed HCC in other lesions, but the hypovascular tumor did not change. Three nodules were treated by surgery, nine were treated by RFA, and seven were treated by transcatheter arterial chemoembolization (TACE). No statistically significant differences were observed between tumor growth or hypervascularization and no change or improvement regarding the hypovascular tumor size (10.4±2.5 mm vs. 12.2±4.7 mm, p = 0.318).

![Outcome of hypovascular tumors in patients who achieved an SVR.\
\*Four patients had two hypovascular tumors each, and in two of these patients, one nodule showed hypervascularization, while the other nodule showed no change. \*\*Two patients developed HCC in other lesions, but the hypovascular tumor did not change.](pone.0237475.g002){#pone.0237475.g002}

The cumulative incidence rates of growth or hypervascularization of hypovascular tumors {#sec014}
---------------------------------------------------------------------------------------

In patients who achieved an SVR, the cumulative incidence rates of growth or hypervascularization of hypovascular tumors were 19.4% at 1 year, 36.0% at 2 years, 56.6% at 3 years, and 65.3% at 4 years ([Fig 3A](#pone.0237475.g003){ref-type="fig"}). In addition, the respective cumulative HCC development rates of patients with and without a history of curative HCC therapy were 23.1% and 16.7% at 1 year, 55.1% and 22.2% at 2 years, 73.1% and 44.5% at 3 years, and 82.1% and 52.5% at 4 years, respectively ([Fig 3B](#pone.0237475.g003){ref-type="fig"}). There was no significant difference in patients with and without a history of curative HCC therapy (p = 0.113) ([Fig 3B](#pone.0237475.g003){ref-type="fig"}). In addition, there were no patients who had unexpected tumor growth during the observation periods.

![Cumulative incidence rates of growth or hypervascularization of hypovascular tumor.\
(a) Cumulative incidence rates of growth or hypervascularization of hypovascular tumors. (b) Cumulative incidence rates in patients with or without a history of HCC therapy.](pone.0237475.g003){#pone.0237475.g003}

The comparison of the incidence of HCC between patients with hypovascular tumors and without any tumors who achieved an SVR {#sec015}
---------------------------------------------------------------------------------------------------------------------------

We compared the incidence of HCC between patients with hypovascular tumors and those without any tumors who achieved an SVR. Overall, 422 patients (87.7%) achieved an SVR (including 36 patients discontinued therapy), and 56 developed HCC ([Table 2](#pone.0237475.t002){ref-type="table"}). Among patients who achieved an SVR, a univariate analysis showed that patients who developed HCC were more frequently male and had liver cirrhosis, a history of HCC therapy, and lower platelet and albumin values and higher ALT, GGT, hyaluronic acid, fib-4 index, and AFP values before and at the end of treatment ([Table 2](#pone.0237475.t002){ref-type="table"}).

10.1371/journal.pone.0237475.t002

###### Baseline characteristics of patients who achieved an SVR.

![](pone.0237475.t002){#pone.0237475.t002g}

                                                         Total (n = 422)   HCC development(-) (n = 366)   HCC development(+) (n = 56)   *P* value
  ------------------------------------------------------ ----------------- ------------------------------ ----------------------------- -----------
  Age, years                                             68.8±9.2          68.5±9.5                       70.8±7.4                      0.120
  Male, n (%)                                            177 (41.9)        147 (40.2)                     30 (53.6)                     0.041
  Liver Cirrhosis, n (%)                                 109 (27.7)        79 (21.6)                      30 (53.6)                     \<0.001
  History of interferon-based therapy, n (%) (n = 421)   218 (51.7)        181 (49.5)                     37 (66.1)                     0.066
  History of HCC therapy, n (%)                          46 (10.9)         19 (5.2)                       27 (48.2)                     \<0.001
  Presence of hypovascular tumor, n (%)                  27 (6.4)          7 (1.9)                        20 (35.7)                     \<0.001
  Platelets, ×10^4^/μL                                   13.7±5.5          14.1±5.4                       11.2±5.4                      \<0.001
  Total bilirubin, mg/dL                                 0.8±0.4           0.8±0.3                        0.9±0.4                       0.223
  ALT, U/L                                               49±38             49±39                          53±28                         0.009
  GGT, U/L (n = 421)                                     42±36             40±32                          59±55                         0.002
  Albumin, g/dL (n = 412)                                4.0±0.4           4.0±0.4                        3.8±0.5                       \<0.001
  Hyaluronic acid, ng/mL (n = 359)                       230±411           213±390                        347±526                       \<0.001
  Fib-4 index                                            4.67±3.40         4.40±3.27                      6.44±3.72                     \<0.001
  AFP (Before), ng/mL (n = 420)                          11.4±22.9         9.5±16.1                       23.6±45.5                     \<0.001
  AFP (End of treatment), ng/mL (n = 399)                5.7±12.3          5.1±12.1                       9.2±12.9                      \<0.001
  DCP, mAU/mL (n = 327)                                  21.7±11.7         20.9±11.0                      26.2±14.5                     0.069

Data are shown as the mean ± standard deviation.

HCC, hepatocellular carcinoma; ALT, alanine transaminase; GGT, γ-glutamyltransferase; AFP, α-fetoprotein; DCP, des-γ-carboxy prothrombin; SVR, sustained virologic response

We performed a multivariate analysis using factors that were significantly different in the univariate analysis as covariates. A Cox proportional hazard analysis showed that a history of HCC therapy, the presence of hypovascular tumor, and an AFP \>4.6 ng/mL at the end of treatment were independent risk factors for HCC development ([Table 3](#pone.0237475.t003){ref-type="table"}). Among patients without any tumors who achieved an SVR, 168 underwent CE-MRI or CT within 2 years before therapy or during DCV+ASV therapy ([Fig 1](#pone.0237475.g001){ref-type="fig"}). The patients who underwent CT or MRI before DAA therapy had higher rates of HCC development than those who underwent US alone. Because the patients who underwent CT or MRI more frequently had liver cirrhosis and a history of HCC therapy, had higher total bilirubin, GGT, hyaluronic acid, Fib-4 index, and AFP values before therapy and at the end of treatment, and had lower platelet counts and albumin levels than those who underwent US alone ([S1 Table](#pone.0237475.s001){ref-type="supplementary-material"}). We performed a Cox proportional hazard analysis in patients who underwent CE-MRI or CT including hypovascular tumors, and similar results were obtained ([Table 3](#pone.0237475.t003){ref-type="table"}).

10.1371/journal.pone.0237475.t003

###### Factors associated with HCC development.

![](pone.0237475.t003){#pone.0237475.t003g}

  Category                                                                                                                                       Cut off       Multivariate analysis                   
  ---------------------------------------------------------------------------------------------------------------------------------------------- ------------- ----------------------- --------------- ---------
  *Among the patients who achieved SVR* (n = 331)                                                                                                                                                      
  Sex                                                                                                                                            Male          1.754                   0.959--3.210    0.068
  History of HCC therapy                                                                                                                         Yes           6.947                   3.685--13.099   \<0.001
  Hypovascular tumor                                                                                                                             Presence      5.119                   2.566--10.210   \<0.001
  AFP level at end of treatment                                                                                                                  \>4.6 ng/mL   2.377                   1.298--4.353    0.005
  *Among the patients who achieved SVR and underwent contrast-enhanced MRI or CT within 2 year before therapy or during DAA therapy (n = 156)*                                                         
  History of HCC therapy                                                                                                                         Yes           5.200                   2.671--10.125   \<0.001
  Hypovascular tumor                                                                                                                             Presence      4.097                   2.038--8.237    \<0.001
  AFP level at end of treatment                                                                                                                  \>4.6 ng/mL   2.133                   1.105--4.116    0.024

Other covariates were the age, presence of cirrhosis, platelet, alanine transaminase, γ-glutamyltransferase, and hyaluronic acid, albumin, AFP before therapy, and Fib-4 index.

HCC, hepatocellular carcinoma; 95% CI, 95% confidence interval; HCC, hepatocellular carcinoma; SVR, sustained virologic response; MRI, magnetic resonance imaging; CT, computed tomography; DAA, direct acting antivirals; AFP, alfa-fetoprotein

The comparison of the incidence of HCC between patients with or without hypovascular tumors and a history of HCC therapy who achieved an SVR {#sec016}
--------------------------------------------------------------------------------------------------------------------------------------------

We compared the cumulative HCC development rates of patients with or without a hypovascular tumor and the history of HCC therapy. The patients were classified into four groups according to the presence of a hypovascular tumor and the history of HCC therapy, and the cumulative HCC development rates were examined in each group. The four groups were as follows: (a) no hypovascular tumor and no history of HCC therapy, (b) no hypovascular tumor and a history of HCC therapy, (c) a hypovascular tumor and no history of HCC therapy, and (d) a hypovascular tumor and a history of HCC therapy.

The cumulative HCC development rates at 1, 2, 3, and 4 years were as follows: group a = 0.6%, 2.8%, 3.8%, 4.8%; group b = 8.8%, 29.4%, 38.4%, 42.5%; group c = 26.7%, 33.3%, 50.6%, 73.7%; and group d = 41.7%, 66.7%, 83.3%, 91.7%, respectively ([Fig 4A](#pone.0237475.g004){ref-type="fig"}). Groups b, c, and d showed significantly higher cumulative HCC development rates than group a, and group d showed a significantly higher cumulative HCC development rate than group b ([Fig 4A](#pone.0237475.g004){ref-type="fig"}).

![The comparison of the incidence of HCC between patients with or without hypovascular tumors and a history of HCC therapy who achieved SVR.\
(a) Cumulative incidence rates of HCC among the four groups. (b) Cumulative incidence rates of HCC among the four groups in patients who underwent contrast-enhanced MRI or CT within two year before therapy or during DAA therapy. Group a, no hypovascular tumor and no history of HCC therapy; group b, no hypovascular tumor and a history of HCC therapy; group c, a hypovascular tumor and no history of HCC therapy; and group d, a hypovascular tumor and a history of HCC therapy.](pone.0237475.g004){#pone.0237475.g004}

Similarly, we analyzed patients who underwent CE-MRI or CT. The cumulative HCC development rates at 1, 2, 3, and 4 years were as follows: group a = 1.4%, 4.4%, 5.9%, 8.3%; group b = 10.3%, 34.5%, 41.4%, 45.9%; group c = 26.7%, 33.3%, 50.6%, 73.7%; and group d = 41.7%, 66.7%, 83.3%, 91.7%, respectively ([Fig 4B](#pone.0237475.g004){ref-type="fig"}). Groups b, c, and d showed significantly higher cumulative HCC development rates than group a, and group d showed a significantly higher cumulative HCC development rate than group b ([Fig 4B](#pone.0237475.g004){ref-type="fig"}).

Discussion {#sec017}
==========

In the present study, we investigated the cumulative incidence rates of growth or hypervascularization of hypovascular tumors in 29 patients who were infected with HCV and treated by DAAs. The present study has novelty in the part that examined the detailed clinical course of hypovascular tumors. In patients who achieved an SVR, the cumulative incidence rates of growth or hypervascularization of hypovascular tumors were 19.4% at 1 year, 36.0% at 2 years, 56.6% at 3 years, and 65.3% at 4 years ([Fig 3A](#pone.0237475.g003){ref-type="fig"}). In previous studies, the cumulative incidence rates of hypervascularization were 14.9%-25% at 1 year and 45.8%-51% at 2 years \[[@pone.0237475.ref020]--[@pone.0237475.ref022]\], especially, high-grade dysplastic nodule had high HCC development rates \[[@pone.0237475.ref014]\]. Toyoda et al. showed the rates of hypervascularization of hypovascular tumors did not differ markedly between the study patients who achieved an SVR and the propensity score-matched patients persistent HCV infection \[[@pone.0237475.ref023]\]. Compared with previous reports, the cumulative incidence rates of hypervascularization were not markedly different in the present study, although the background characteristics were different, including patients with etiologies other than HCV. In other words, DAAs cannot suppress the growth and hypervascularization of hypovascular tumors.

In addition, four patients had two hypovascular tumors each, and in two of these patients, one nodule showed hypervascularization, while the other nodule showed no change ([Fig 2](#pone.0237475.g002){ref-type="fig"}). It was considered that these two tumors in these patients had multicentric growth and a different carcinogenic potential in each tumor. In contrast, two patients developed small HCC in other lesions, but their hypovascular tumors showed no change ([Fig 2](#pone.0237475.g002){ref-type="fig"}). Of these two patients, one patient with a history of HCC therapy might have developed HCC due to intrahepatic metastasis. However, the other patient did not have any history of HCC. Therefore, the eradication of HCV by DAA therapy may not influence the hypervascularization of hypovascular tumors. However, there are some unclear points concerning the hypervascularization of hypovascular tumors, so the factors associated with the hypervascularization of hypovascular tumors will need to be clarified in a large study population in the future.

Several previous studies have shown the cumulative HCC developing rate in HCV-infected patients with hypovascular tumors who were treated with DAAs. Toyoda et al. showed that, among 164 patients with HCV cirrhosis who achieved an SVR by DAA therapy just before the start of therapy, 38 had non-hypervascular hypointense nodules (NHHNs) on EOB-MRI, and hypervascularization of NHHNs was observed in 17 patients (44.7%) \[[@pone.0237475.ref024]\]. Similarly, Ooka et al. showed that, in 864 patients with HCV infection across 2 cohorts, 41 patients developed HCC within 1 year after DAA therapy, and the factor associated with 1-year HCC occurrence and recurrence was the existence of a ''dysplastic nodule" on imaging \[[@pone.0237475.ref025]\]. Marino et al. showed that, in 1,123 patients with cirrhosis who were treated with DAAs, 80 (7%) had non-characterized nodules, and the risk of HCC was significantly increased in patients with non-characterized nodules at baseline \[[@pone.0237475.ref026]\].

The common findings of the above reports were that patients with hypovascular tumors developed an early incidence of HCC. In the present study, the HCC development rates were higher in patients with hypovascular tumors than in those without any tumors and were similar to the rates in patients without any tumors who had a history of HCC therapy, although the background characteristics were different ([Fig 4A and 4B](#pone.0237475.g004){ref-type="fig"}). Furthermore, the patients with hypovascular tumors who had a history of HCC therapy had the highest incidence of HCC. Previous reports were observational studies conducted for one to two years after treatment, but the present study were observed for three to four years after DAA treatment. Since patients with hypovascular tumors have a high hepatocarcinogenetic potential, we should conduct periodic follow-up, such as tumor marker measurements and imaging, for a long time.

Recently, the elimination of HCV induced by DAA was shown to reduce the risk of HCC development and mortality in a large-scale observational study \[[@pone.0237475.ref010], [@pone.0237475.ref011], [@pone.0237475.ref027], [@pone.0237475.ref028]\]. In addition, the risk of HCC recurrence with DAA treatment is not markedly different from that with IFN treatment \[[@pone.0237475.ref012], [@pone.0237475.ref029], [@pone.0237475.ref030]\]. However, it has also been reported that DAA treatment may cause an unexpected onset of HCC \[[@pone.0237475.ref031], [@pone.0237475.ref032]\]. Although the mechanism underlying this unexpected onset of HCC has not been fully clarified, viral elimination by DAA treatment might reduce IFN-alfa-induced intrahepatic immunity, thus resulting in a rapid decrease in natural killer (NK) cell activity and the normalization of the NK cell cytotoxic effector function \[[@pone.0237475.ref033]\]. In addition, DAAs rapidly reduce inflammation but increase serum vascular endothelial growth factor (VEGF) levels \[[@pone.0237475.ref034]\], and the DAA-mediated increase in VEGF favors HCC recurrence/occurrence in susceptible patients with more severe fibrosis and splanchnic collateralization who already have abnormal activation in liver tissues of neo-angiogenetic pathways, like angiopoietin-2 \[[@pone.0237475.ref035]\]. Such immunological changes may be associated with a reduction in the immunosurveillance mechanism of neoplastic clones and an increase in VEGF and may thus promote hepatocarcinogenesis.

The present study was associated with several limitations. First, the number of study patients was small. Second, there were several missing values in the multivariate analysis, so the number of patients who were able to be examined was reduced. Third, various potentially influential factors (alcohol intake, obesity, etc.) were not examined after treatment. Fourth, 29 patients had hypovascular tumors that were confirmed by CE-MRI or CT. These surveys were conducted approximately 50 days before therapy. Further, 452 patients received DAA therapy after they were confirmed to be tumor-free by US, CT, or MRI. However, we did not confirm the exact US survey points before therapy. Thus, the start of the observation period was defined as the time at which DAA treatment was initiated. In addition, 168 patients without a hypovascular tumor underwent CE-MRI or CT within 2 years before therapy or during DAA therapy. Unfortunately, there were few patients who underwent CT or MRI immediately before DAA therapy. We cannot rule out the possibility of growth or hypervascularization of hypovascular tumors, or HCC development in patients who were tumor-free before DAA therapy. Thus, a future study should analyze a larger cohort which imaging surveillance was performed immediately before DAA therapy.

We concluded that hypovascular tumors developed into HCC at a high rate despite the elimination of HCV by DAAs. This suggests that DAAs cannot suppress the growth and hypervascularization of hypovascular tumors. As patients with hypovascular tumors tend to be older and frequently have liver cirrhosis along with a high risk of HCC development, they should undergo HCC surveillance carefully, similar to patients with a history of HCC therapy.
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Please submit your revised manuscript by Aug 01 2020 11:59PM. If you will need more time than this to complete your revisions, please reply to this message or contact the journal office at <plosone@plos.org>. When you\'re ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). You should upload this letter as a separate file labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. You should upload this as a separate file labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. You should upload this as a separate file labeled \'Manuscript\'.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter. Guidelines for resubmitting your figure files are available below the reviewer comments at the end of this letter.

If applicable, we recommend that you deposit your laboratory protocols in protocols.io to enhance the reproducibility of your results. Protocols.io assigns your protocol its own identifier (DOI) so that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

We look forward to receiving your revised manuscript.

Kind regards,

Tatsuo Kanda, M.D., Ph.D.

Academic Editor

PLOS ONE

Journal Requirements:

When submitting your revision, we need you to address these additional requirements.

1\. Please ensure that your manuscript meets PLOS ONE\'s style requirements, including those for file naming. The PLOS ONE style templates can be found at

<https://journals.plos.org/plosone/s/file?id=wjVg/PLOSOne_formatting_sample_main_body.pdf> and

<https://journals.plos.org/plosone/s/file?id=ba62/PLOSOne_formatting_sample_title_authors_affiliations.pdf>

2\. During our internal review, we noticed you have overlapping text with a copyrighted abstract of your work published here:

<https://www.journal-of-hepatology.eu/article/S0618-8278>(19)31480-X/pdf

PLOS ONE cannot (re)publish material without sufficient permission from the original copyright holder to publish under a CC BY license. Please complete one of the following:

\(i\) Please provide proof that the owner of the content (a) has given you written permission to use it, and (b) has approved of the CC BY license being applied to their content. You may have the following form completed by the owner as proof: <https://journals.plos.org/plosone/s/file?id=7c09/content-permission-form.pdf>. Alternatively, you may electronically request permissions through from the copyright holder and send us proof of approval, as long as the approval clearly shows that the owner has approved of the CC BY license being applied to their content. Please see <https://journals.plos.org/plosone/s/licenses-and-copyright> for more information.

OR

\(ii\) Please cite the abstract and rephrase any duplicated text.

3\. Our internal editors have looked over your manuscript and determined that it is within the scope of our Liver Diseases Call for Papers. This collection of papers is headed by a team of Guest Editors for PLOS ONE. Additional information can be found on our announcement page: <https://collections.plos.org/s/liver-diseases>

If you would like your manuscript to be considered for this collection, please let us know in your cover letter and we will ensure that your paper is treated as if you were responding to this call.

If you would prefer to remove your manuscript from collection consideration, please specify this in the cover letter.

4\. Thank you for stating the following in the Financial Disclosure  section:

\'This work was supported in part by a grant-in-aid from the Ministry of Health, Labour and Welfare of Japan (grant number: 18K15821) and Bristol-Myers Squibb Co., Ltd. The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.\'

We note that you received funding from a commercial source: Bristol-Myers Squibb Co., Ltd

a\. Please provide an amended Competing Interests Statement that explicitly states this commercial funder, along with any other [relevant declarations](about:blank) relating to employment, consultancy, patents, products in development, marketed products, etc.

Within this Competing Interests Statement, please confirm that this does not alter your adherence to all PLOS ONE policies on sharing data and materials by including the following statement: \"This does not alter our adherence to PLOS ONE policies on sharing data and materials." (as detailed online in our guide for authors [http://journals.plos.org/plosone/s/competing-interests](about:blank)).  If there are restrictions on sharing of data and/or materials, please state these. Please note that we cannot proceed with consideration of your article until this information has been declared.

b\. Please include your amended Competing Interests Statement within your cover letter. We will change the online submission form on your behalf.

Please know it is PLOS ONE policy for corresponding authors to declare, on behalf of all authors, all potential competing interests for the purposes of transparency. PLOS defines a competing interest as anything that interferes with, or could reasonably be perceived as interfering with, the full and objective presentation, peer review, editorial decision-making, or publication of research or non-research articles submitted to one of the journals. Competing interests can be financial or non-financial, professional, or personal. Competing interests can arise in relationship to an organization or another person. Please follow this link to our website for more details on competing interests: [http://journals.plos.org/plosone/s/competing-interests](about:blank)

\[Note: HTML markup is below. Please do not edit.\]

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

2\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: Authors conclude hypovascular tuomrs developed into HCC at a high rate despite the elimination of HCV by DAAs. There are no major revisions required. Minor revisions required are as follows:

\#1: It is recommended to give a definition of how many millimeter or more the growth of hypovascular tumors should be.

\#2: The pixels in Figures are a little bit coarse.

Reviewer \#2: This is a manuscript entitled "Hypovascular tumors developed into hepatocellular carcinoma at a high rate despite the　elimination of hepatitis C virus by direct-acting antivirals

" by Kazuaki Tabu1, et al.

In this study, the authors analyzed whether DAAs can suppress the growth and hypervascularization of hypovascular tumors in prospective study. The authors showed that

of 33 hypovascular tumors, twenty of 33 nodules (60.6%) showed tumor growth or hypervascularization, and 13 (39.4%) nodules showed no change or improvement. The cumulative incidence rates of tumor growth or hypervascularization were 21.2% at 1 year, 36.8% at 2 years, and 55.9% at 3 years, and 69.9% at 4 years. And in patients with SVR, the cumulative HCC development rates of patients with hypovascular tumors was significantly higher than in

those without any tumors.

Although, this topic was analyzed by another groups, however, this study have several strength, including prospective study, and longer observation period.

This reviewer have some concerns to be address by the authors, as below

1\. Please show whether the survey methods (CT/MRI vs echo) before treatment affect incidence of HCC or not,

, and please described when this survey was conducted (all patients were surveyed at initiation point of DAA?)

2 In Materials, and Method, Patients; the authors described that " 168 without a hypovascular tumor underwent CE-MRI or CT within 2 year before therapy or during DAA therapy"

This reviewer think that 2 years is too long for diagnosis of no hypovascular tumor at baseline.

To avoid this, please limit the patients who were conducted CT around the point of initiation of DAAs, or to described this in limitation of this study.

3 In figure2, please show the analysis in patients who achieved SVR only.

\*\*\*\*\*\*\*\*\*\*

6\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: Yes: Hidehiro Kamezaki

Reviewer \#2: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email PLOS at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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Thank you for your valuable feedback. We have revised the manuscript based on the comments.

Reviewer \#1

1\. It is recommended to give a definition of how many millimeter or more the growth of hypovascular tumors should be.

Thank you for your comments. HCC development was defined by 20% growth or hypervascularization of a hypovascular nodule. We have added this to the Materials and Methods section.

2\. The pixels in Figures are a little bit coarse.

We have improved the resolution of the figure.

Reviewer \#2:

1\. Please show whether the survey methods (CT/MRI vs echo) before treatment affect incidence of HCC or not, and please described when this survey was conducted (all patients were surveyed at initiation point of DAA?)

The patients who underwent CT or MRI before DAA therapy had higher HCC development rates than those who underwent US alone. Because the patients who underwent CT or MRI more frequently had liver cirrhosis and a history of HCC therapy. We have created S1 Table and described the following in the Results section.

The patients who underwent CT or MRI before DAA therapy had higher rates of HCC development than those who underwent US alone. Because the patients who underwent CT or MRI more frequently had liver cirrhosis and a history of HCC therapy, had higher total bilirubin, GGT, hyaluronic acid, Fib-4 index, and AFP values before therapy and at the end of treatment, and had lower platelet counts and albumin levels than those who underwent US alone (S1 Table).

This study was a prospective observational study conducted in 29 patients with hypovascular tumors that were confirmed by CE-MRI or CT. Informed consent was obtained after the confirmation. Some of the patients applied for a medical subsidy program in Japan after giving their consent. Therefore, most patients were surveyed before DAA therapy. These surveys were conducted approximately 50 days before therapy.

We have described this in the Materials and Methods section. In addition, 452 patients received DAA therapy after they were confirmed to be tumor-free by US, CT, or MRI. However, we did not confirm the exact US survey points before therapy. Thus, the initiation of the observation period was defined as the initiation of DAA treatment. We have described this as a limitation of the present study.

2\. In Materials, and Method, Patients; the authors described that " 168 without a hypovascular tumor underwent CE-MRI or CT within 2 year before therapy or during DAA therapy"

This reviewer think that 2 years is too long for diagnosis of no hypovascular tumor at baseline. To avoid this, please limit the patients who were conducted CT around the point of initiation of DAAs, or to described this in limitation of this study.

Thank you for your comments. I agree with the reviewer\'s suggestions. Unfortunately, there were few patients who underwent CT or MRI immediately before DAA therapy. Since it overlaps with the comments in 1, we have described the following as a limitation of this study.

Fourth, 29 patients had hypovascular tumors that were confirmed by CE-MRI or CT. These surveys were conducted approximately 50 days before therapy. Further, 452 patients received DAA therapy after they were confirmed to be tumor-free by US, CT, or MRI. However, we did not confirm the exact US survey points before therapy. Thus, the start of the observation period was defined as the time at which DAA treatment was initiated. In addition, 168 patients without a hypovascular tumor underwent CE-MRI or CT within 2 years before therapy or during DAA therapy. Unfortunately, there were few patients who underwent CT or MRI immediately before DAA therapy. We cannot rule out the possibility of growth or hypervascularization of hypovascular tumors, or HCC development in patients who were tumor-free before DAA therapy. Thus, a future study should analyze a larger cohort which imaging surveillance was performed immediately before DAA therapy.

3\. In figure2, please show the analysis in patients who achieved SVR only.

We have shown the analysis in patients who achieved an SVR only in Figure 2 and 3. We therefore corrected the data in the Abstract, Results and Discussion.

###### 

Submitted filename: Response to Reviewers.docx

###### 

Click here for additional data file.
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Dear Dr. Seiichi Mawatari:

We're pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it meets all outstanding technical requirements.

Within one week, you'll receive an e-mail detailing the required amendments. When these have been addressed, you'll receive a formal acceptance letter and your manuscript will be scheduled for publication.

An invoice for payment will follow shortly after the formal acceptance. To ensure an efficient process, please log into Editorial Manager at <http://www.editorialmanager.com/pone/>, click the \'Update My Information\' link at the top of the page, and double check that your user information is up-to-date. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.

If your institution or institutions have a press office, please notify them about your upcoming paper to help maximize its impact. If they'll be preparing press materials, please inform our press team as soon as possible \-- no later than 48 hours after receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information, please contact <onepress@plos.org>.

Kind regards,

Tatsuo Kanda, M.D., Ph.D.

Academic Editor

PLOS ONE

Additional Editor Comments (optional):

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#1: All comments have been addressed

Reviewer \#2: All comments have been addressed

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: (No Response)

Reviewer \#2: In this revise paper, the authors replied to my comments properly.

This study is worth reporting .

Thank you for giving me a chance to review this valuable article.

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: **Yes: **Hidehiro Kamezaki

Reviewer \#2: No

10.1371/journal.pone.0237475.r004
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Dear Dr. Mawatari:

I\'m pleased to inform you that your manuscript has been deemed suitable for publication in PLOS ONE. Congratulations! Your manuscript is now with our production department.

If your institution or institutions have a press office, please let them know about your upcoming paper now to help maximize its impact. If they\'ll be preparing press materials, please inform our press team within the next 48 hours. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information please contact <onepress@plos.org>.

If we can help with anything else, please email us at <plosone@plos.org>.

Thank you for submitting your work to PLOS ONE and supporting open access.

Kind regards,

PLOS ONE Editorial Office Staff

on behalf of

Dr. Tatsuo Kanda

Academic Editor

PLOS ONE
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